Abstract Bell et al.'s BImproved Accuracy of Component Positioning with Robotic-Assisted Unicompartmental Knee Arthroplasty: Data from a Prospective, Randomized Controlled Study^compared the accuracy of a robotic-assisted unicompartmental knee arthroplasty (UKA) using the MAKO Robotic Interactive Orthopedic Arm (RIO) system to a conventional UKA using standardized instrumentation. This review examines the authors' findings and their relevance to clinical practice. Bell et al. conclude that the MAKO RIO system leads to more accurate implantation of both the tibial and femoral components in UKA in the sagittal, coronal, and axial planes. This well-designed, level I study suggests what many arthroplasty surgeons assume about robotic assistance, which admittedly is of unknown clinical significance at this time. Evaluating this article in the context of the current literature provides valuable insight into areas in need of future investigation. The effect of implant positioning on long-term clinical outcomes and implant survivorship remains unclear. Long-term follow-up studies are needed to determine the role of robotic-assisted arthroplasty in the future.
Introduction
Management of unicompartmental arthritis remains a controversial topic. When studied in the 1970s, early designs of unicompartmental knee arthroplasty (UKA) failed early and often. Failure occurred due to aseptic loosening, progression of osteoarthritis in the opposite compartment, and patellofemoral pain. At that time, UKA revision rates were much higher (ranging from 15 to 26%) than those reported for total knee arthroplasty (TKA), resulting in a decrease in medial compartment UKA utilization [7, 11] . Over the last decade, there has been a renewed interest in UKA. There have been significant improvements in implant design, material processing, and instrumentation, in addition to optimized indications for surgery [18] . In 2005, almost 45,000 UKAs were performed in the USA, accounting for approximately 8% of all knee arthroplasties [18] . Unicompartmental knee arthroplasty is now frequently performed because of its association with reduced blood loss, improved functional outcomes, and faster return to ambulation [3, 8, 9, 17] . Laurencin et al. [12] evaluated 23 patients with a UKA in one knee and a TKA in the contralateral knee and found that postoperative flexion was significantly better in the UKA knees.
Despite survivorship as high as 90.6% for UKAs at 15 years [6, 14, 16, 19] , UKA still has a historical rate of conversion to TKA for a variety of reasons. Modes of failure include progressive osteoarthritis, implant failure, and component malpositioning and/or loosening [6, 13] . Robotic assistance can ideally address some of these mechanisms of failure by ensuring more accurate component positioning [10] . The authors examined the accuracy of implant positioning in medial UKA. The authors performed a prospective, randomized, single-blind, controlled trial comparing 62 patients who underwent robotic-assisted UKA and 58 patients who underwent conventional UKA. The surgeries were all performed by three high-volume unicompartmental arthroplasty surgeons. Patients were excluded if they had lateral osteoarthritis, a deficient anterior cruciate ligament, or a fixed varus or valgus deformity of more than 10°.
To evaluate the accuracy of implant positioning, Bell et al. measured the difference between the target tibial and femoral component positions in the sagittal, coronal, and axial planes and the actual component position postoperatively. For the 62 robotic UKA procedures, implant position and alignment of the fixed bearing RESTORIS ® MCK UKA was determined using the MAKO system. The MAKO system utilized a preoperative computed tomography (CT) scan for planning of implant position. The operating surgeon then defined the size and position of implants to optimize bone coverage and tracking through a range of flexion, with the goals of restoring the joint anatomy and minimizing bone resection. Using these inputs, the MAKO system then computed the 3-dimensional boundaries and volume of bone to be resected. The RIO robotic arm then resisted any resection beyond these predefined plans using a 3-dimensional haptic boundary. For the 58 conventional UKA procedures, the mobile bearing Biomet Oxford Phase-3 implant was used, and the operating surgeons utilized standardized instrumentation jigs and fixed target values for all patients based on the surgical technique manual.
All patients had a postoperative CT scan of the hip, knee, and ankle on a single scanner three months after surgery. The postoperative CT scans were rendered into 2-dimensional models to allow calculation of component positioning. The accuracy of component positioning in the sagittal, coronal, and axial planes was determined by comparing the target position values from the preoperative plan to the measured position values from the postoperative CT. This deviation was referred to as the implantation error.
The intraobserver agreement was good for all measured component parameters. The robotic-assisted UKA group had a significantly smaller degree of implantation errors (p < 0.05) in femoral and tibial implant positioning in the sagittal (1.9 vs. 3.9°for femur, 1.0 vs. 3.7°for tibia), coronal (1.4 vs. 4.1°for femur, 1.6 vs. 2.7°for tibia), and axial (1.9 vs. 3.6°for femur, 2.2 vs. 5.4°for tibia) planes. Furthermore, the percentage of implants within 2°of the planned target was significantly higher in the robotic-assisted group. The authors conclude that robotic-assisted UKA with the MAKO RIO system improved accuracy of implant positioning relative to conventional UKA.
Commentary
As rates of UKA continue to rise, optimizing functional outcomes and survivorship will become increasingly important. Bell et al.'s [2] study shows that component positioning is in fact more accurate with robotic assistance. They lay the groundwork for further studies examining the effects of component positioning on patient-reported outcomes and implant survivorship. As modern medicine becomes more individualized, utilizing an implant system that determines the optimal component positioning based on a patient's own anatomy certainly is appealing.
While previous studies have demonstrated improved accuracy of the MAKO system [4, 5] , this is the first study to use postoperative CT scans and convert them to 2-dimensional images to calculate the difference in the preoperative template and postoperative component position. The authors successfully performed a randomized controlled study that was appropriately designed to answer their question. Their control group of non-navigated Biomet Oxford Phase-3 UKAs was a valid comparison. The purpose of the study is pertinent and well-defined. The outcome measurements were shown to have adequate intraobserver reliability. The minimal detectable difference measurement (1°) was defined based on the author's previous CT accuracy study [1] . An appropriate power analysis was performed to determine how many patients to enroll. While the 120 analyzed patients ended up not being quite the number they calculated from their power analysis (N = 126), they showed a difference of greater than 1°and were thus adequately powered.
There are several limitations of the study. First, it is important to keep in mind that the body of research was funded through a research grant provided by MAKO Surgical Corporation and that several of the authors received personal fees and surgical training from MAKO, which may introduce bias. Another significant consideration is the cost effectiveness of robotic-guided UKA. The robot costs approximately $1.362 million over five years [15] and each case requires a preoperative CT scan. Moschetti et al. [15] also found that robotic-assisted UKA was never cost saving but did become cost effective at higher volume centers (more than 94 robotic-assisted UKAs per year). The study was also single blinded; the reviewers of the radiographs were able to tell the difference between the implants used, and therefore, which treatment group the patient was assigned to. To the same effect, implant designs were very different between groups. Outcomes and survivorship can significantly vary, depending on the specific implant. A study of the Finnish Arthroplasty Register demonstrated survivorship ranging from 53 to 77% at 15 years when comparing four different UKA implants [16] . The RESTORIS MCK implant used in the robotic-assisted UKAs consists of a cobalt-chromium femoral component, a titanium tibial component, and a fixed-bearing polyethylene insert, whereas the Oxford Phase 3 UKA consists of cobalt-chromium tibial and femoral implants and a fully congruent polyethylene mobile bearing. The largest limiting factor of this study, however, is that the conventional UKA group preoperative positioning plans were dictated by Biomet's operating technique manual and standard instrumentation. In the conventional group, implant positioning was not allowed to be adjusted for each patient's anatomy or flexion/extension gaps. On the other hand, in the robotic-assisted group, surgeons could make intraoperative adjustments in component position based on feedback on alignment and kinematics. The authors did not comment on how the surgeons treated cases in which intraoperative adjustments of position had to be made based on unforeseen anatomic or procedural challenges in the robotic cohort (i.e., it is unclear if the Bplanned^position was determined after the intraoperative adjustments or whether it was determined from the initial preoperative CT scan).
While their conclusion is well supported, it remains unclear if improved component positioning accuracy leads to improved clinical outcomes or survivorship, laying the groundwork for future comparative studies.
